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ABSTRACT 


The  author  presents  a  practical  method  for  the  compre¬ 
hensive  measurement  of  scour  depths  at  bridge  piers  during  all 
stages  of  river  flow.  Two  sonic  sounding  instruments  that  were 
developed  for  the  purpose  are  described  together  with  details  of 
the  supporting  equipment. 

A  brief  discussion  of  current  practices  and  theories 
concerning  design  for  pier  scour  is  presented,  pointing  out  the 
need  for  continuing  programs  cf  comprehensive  full  scale  measure¬ 
ments  of  scour  depths  during  all  stages  cf  river  flow. 

Special  reference  is  made  to  regime  equations  that  have 
been  developed  in  the  science  of  mobile  boundary  hydraulics  to 
emphasize  that  an  extension  of  results  of  any  program  cf  full 
scale  scour  measurements  is  not  possible  without  the  taking  of 
related  regime  data  simultaneously. 

Use  of  the  method  devised  for  scour  measurement  is  des¬ 
cribed  and  is  illustrated  by  depth  measurements  at  bridge  piers 
in  the  Province  of  Alberta. 
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1.  INTRODUCTION 


Relatively  few  measurements  of  scour  around  piers  have  been 
made,  although  its  importance  has  long  been  realized  because  the 
depth  of  scour  at  bridge  piers  must  be  estimated  before  the  depth 
for  foundations  can  be  determined.  As  will  be  seen,  methods  for 
determining  scour  depth  are  not  well  developed  so  there  are  many 
compelling  arguments  for  placing  bridge  foundations  very  deep.  For 
example,  the  failure  of  foundations  due  to  bed  material  being  scoured 
away  could  in  many  cases  constitute  a  catastrophe  as  evidenced  by 

4 

many  bridge  failures  on  record;  even  a  small  relative  amount  of  pier 
settlement  in  the  case  of  a  continuous  span  bridge  could  seriously 
damage  the  superstructure;  although  piers  may  be  founded  on  piles 
that  may  extend  far  below  any  probable  depth  of  scour,  the  removal 
of  bed  material  around  the  piles  with  consequent  loss  of  restraint, 
could  result  in  collapse  unless  the  scour  is  taken  into  account  ini¬ 
tially;  corrective  maintenance  of  an  existing  pier  by  underpinning 
or  other  means  is  usually  difficult  and  costly.  On  the  other  side 
of  the  argument,  the  initial  cost  of  foundation  construction  below 
water  level  is  generally  high  and  increases  rapidly  with  depth.  Piers 
must  usually  be  built  in  a  limited  time  when  flow  conditions  are 
favorable  in  order  to  avoid  costly  constriction  difficulties.  It  is 
therefore  desirable  to  place  foundations  no  deeper  than  is  necessary. 
The  bridge  designer  must  know  the  depth  of  sccur  to  be  expected  at 
piers  in  order  to  make  a  bridge  safe  and  yet  economical,, 

The  need  to  increase  the  fund  of  present  knowledge  on  scour 
behavior  is  presently  being  appreciated,  and  some  work  has  been  done 
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on  models.  In  this  connection  the  need  for  actual  scour  measure¬ 
ments  at  bridge  piers  on  a  comprehensive  scale  must  be  considered 
high  in  the  order  of  priority. 
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2.  METHODS  OF  MEASUREMENT  OF  PIER  SCOUR 


In  spite  of  the  importance  of  pier  scour,  relatively  few 
cases  of  actual  scour  depths  have  been  r sported  and  very  little 
mention  is  made  of  the  methods  of  scour  measurements*  This  is 
quite  understandable  considering  the  physical  difficulties  invol¬ 
ved  in  making  measurements  at  the  time  of  high-water  when  important 
scour  occurs. 

The  difficulty,  the  frustration  and  the  uncertainty  that 
prevail  with  attempts  to  measure  the  depth  of  a  fast  flowing  river, 
particularly  near  obstructions,  is  well  known  to  river  engineers. 
Strong  currents,  turbulence,  drift  and  debris  associated  with  river 
floods  foul  attempts  to  contact  the  bottom  and  most  certainly  make 
it  unsafe  to  take  soundings  from  a  boat.  Pier  scour  measurement 
by  means  of  weighted  wire  or  cable  is  the  most  common  method  known 
by  the  author  to  date.  Rods  or  poles  may  serve  for  a  few  local  read¬ 
ings,  but  are  impractical  except  for  relatively  shallow  depths. 

The  author’s  own  attempts  and  those  of  his  associates  in  measuring 
depths  of  fast  flowing  rivers  have  left  a  great  deal  to  be  desired. 
Present  design  practices  for  the  estimation  of  pier  scour  reveal 
the  general  lack  of  reliable  information.  The  difficulty  of  mea¬ 
suring  pier  scour  when  it  actually  occurs  is  valid  reason  for  the 
very  limited  data  available  on  the  subject. 
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3.  SCOPE  OF  INVESTIGATION 


The  scope  of  the  work  undertaken  was  to  devise  a  practi¬ 
cal  method  for  measuring  the  depth  of  scour  that  occurs  at  bridge 
piers  during  all  stages  of  flow. 

To  be  of  significance  it  was  decided  that  the  method  must 
facilitate  the  measurement  of  scour  at  several  bridges  at  any  time 
that  a  flood  happens  to  be  in  progress,  rather  than  provide  a  means 
for  measurement  at  only  a  few  specific  locations.  The  several 
features  considered  in  devising  a  method  for  measurement  were  safe¬ 
ty,  economy,  portability,  continuity  and  extensive  coverage.  The 
underlying  problem  on  which  all  these  depend  is  the  taking  of  scour 
measurements  during  high  stages  of  flow.  The  work  undertaken  in¬ 
cluded  the  following: 

Review  of  present  methods  for  measurement  cf  scour. 

Review  of  current  theories  and  design  practices  for  pier 
scour. 

Selection  of  a  method  of  measurement. 

Examination  of  operating  principles  of  sounding  instru¬ 
ments. 

Adaptation  of  sonic  sounder  to  measurement  of  scour. 
Development  of  supporting  apparatus. 

Laboratory  and  field  testing  of  equipment. 
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4.  THEORY  AND  DESIGN  PRACTICE  FOR  FIEF,  SCOUR 


Texts  originating  on  this  continent  produce  no  connected 

theory  on  pier  scour.  On  the  ether  hand,  a  considerable  amount 

has  been  produced  from  India  from  long  term  observation  of  full 

scale  channels.  Original  references  hard  to  obtain,  but  summarized 

by  Blench  (Bib,  1),  provide  a  set  of  regime  equations  relating 

physical  factors  of  canal  behavior.  Inglis  (Tables  8-1,  II,  III  and 

Figure  8,1  page  32 3,  Bib.  2)  recorded  severe  scour  at  important 

bridges  over  many  years  dating  back  to  1924  and  plotted  the  results 
1/3 

as  d  f  '  ^  against  discharge  Q  over  the  extremely  wide  range  from 

s  a 

30,000  cusecs  to  over  3#000,000  cusecs 0  (See  Appendix  II  -  Nomen¬ 
clature).  This  plot  is  reproduced  in  Figure  1,  The  slope  of  the 

fitting  line  on  double  log  paper  represents  scour  depth  variation 
1 /3 

as  Q  ;  which  agrees  with  the  regime  theory  formula  for  channel 
depth.  Inglis  also  conducted  model  experiments  on  one  of  the  lar¬ 
gest  bridges.  P.  Andru  (Bib,  3)  plotted  the  Inglis  field  data  on 
one  diagram  with  model  experiments  by  Inglis,  Laursen  and  Toch 

(Bib,  4),  Ahmad  (Bib.  5)j  Sanders  and  Smotrych,  and  Andru  himself 

1/3 

using  ordinate  d  Fv  against  q,  the  discharge  intensity  of  at- 

S  DO 

tack.  Kis  diagram  is  reproduced  by  Blanch  (Bib.  1,  page  96)  with 
arguments  reconciling  model  and  field  data  and  suggesting  that  they 
yielded  the  formula: 


ds  =  1-8  %  /Ft o 


The  latest  use  of  results  to  date  is  given  by  Blench  (Eib. 
1  page  105)  suggesting  that  a  designed  depth  (measured  from  water 
surface)  for  scour  at  bridge  piers,  where  suitably  designed  aprons 
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are  provided,  may  be  obtained  for  even  very  adverse  approach  con¬ 
ditions  by  multiplying  the  "zero  flood  depth"  by  2.  The  "zero 
flood  depth"  is  the  depth  of  a  straight  canal  having  the  zero  bed 


factor  and  discharge  intensity  of  the  river.  The  zero  bed  factor 

1/2 


Fb0  =  1.9  D, 


m 


for  sand  beds  where  Dm  is  the  mean  weighted  dia¬ 


meter  in  millimeters  of  the  sand  particles.  For  gravel  or  boulder 

1/3 

beds  however  much  less  is  known  and  the  relationship  Fbo  oG  D 
has  been  used  with  a  multiplying  factor  estimated  from  experience,, 
(Bib.  1)  gives  the  zero  flood  depth  as;  ^  /  Flo 

The  preceding  design  formula  is  intended  for  "worst  pos¬ 
sible"  cases  so  ignores  the  effect  of  projected  pier  breadth  per¬ 
pendicular  to  the  flow.  A  design  formula  of  Inglis  based  on  model 

experiments  and  more  detailed  than  the  preceding  allows  for  the 

J  /  %%  )  o-78 

projected  width  of  the  pier  as  follows:  ci_s_  _  .  j 

b  ^  b  ' 

where  b  is  the  projected  width  of  the  pier9  (Reference  page  328, 

b_y* 

tpo- 


I  f  fc*  V 

Bib.  2).  Blench  has  adjusted  this  to  the  regime  form:  os  -  f.2>( ~T  J 

a-fo 


but  has  as  yet  not  published  the  result.  This  form  includes  F^ 

(in  d  )  which  Inglis  omitted, 
fo 

It  is  emphasized  that  the  verifications  of  theory  or  rule 3 
for  practice  was  based  on  observations  that  were  taken  at  a  time  when 
there  could  be  no  guarantee  that  scour  measurements  were  accurate 
cr  that  the  maximum  scour  that  occurred vas  in  fact  measured.  This 
defect  would  not  be  expected  to  alter  the  form  of  the  law  discovered, 
but  would  affect  the  constants.  It  is  highly  desirable  that  the 
constants  for  design  be  further  confirmed  by  comprehensive  measurements 
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of  actual  scour 


Outside  the  realm  of  mobile  boundary  hydra.ulics,  text  3  on 
the  subject  of^er  no  dynamical  arguments  on  which  to  base  an  estimate 
of  pier  scour.  Suggestions  of  a  general  nature  only  are  offered  but 
are  not  intended  to  give  the  answer  for  predicting  scour  at  any  par¬ 
ticular  site.  The  suggestions  are  based  on  pier  failures  that  have 
occurred  and  scanty  records  of  scour  measurements  not  involving  pier 
failure.  This  information  is  of  limited  quantitative  value  and  does 
not  permit  correlation  of  all  the  factors  affecting  scour  in  allu¬ 
vial  channels.  From  lac!:  of  more  adequate  data  the  general  recom¬ 
mendations  state  rules  such  as  piers  should  be  founded  a  depth  of 
four  times  the  amount  of  rise  in  irate r  surface,  or  that  for  certain 
areas  a  depth  of  25  feet  is  sufficient,  or  that  scour  extends  two 
times  the  flood  water  depth  in  channels.  Likewise  it  would  appear 
that  various  agencies  concerned  with  bridges  establish  their  own 
rules  for  foundation  depths  to  guide their  designers.  The  diffi¬ 
culties  in  making  full  scale  scour  measurements  at  the  time  they 
occur  is  likely  the  major  reason  for  the  variance  of  opinion. 

Some  time  will  no  doubt  elapse  before  the  use  of  regime 
equations  become  the  general  practice  rather  than  the  exception. 
Confirmation  by  actual  measurement  is  in  any  case  essential.  Until 
theories  are  fully  developed  and  in  general  use  actual  full  scale 
data  on  scour  will  remain  of  the  greatest  significance  to  those 
ultimately  responsible  for  bridge  structures. 
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5»  SELECTION  OF  i-ETKQD  TOR  SCOUR  MEASUREMENT 


The  selection  of  a  method  for  measuring  pier  scour  pro¬ 
ceeded  by  a  process  of  elimination  of  several  possibilities,  having 
in  mind  the  basic  requirements  mentions^  in  Section  2. 

Previous  to  this  investigation,  attempts  had  been  made  to 
measure  the  depth  of  a  river  at  a  proposed  bridge  site.  Two  heavy 
lead  weights  in  the  shape  of  fish  were  developed.  The  first  one 
weigh'  ing  30  pounds  was  suspended  by  a  strong  wire.  Even  at  relativ- 
vely  low  river  stage  it  was  reported  to  be  too  light  to  give  con¬ 
fidence  in  the  measurements.  A  second  weight  of  160  pounds  was  sus¬ 
pended  by  a  light  aircraft  cable  operated  from  a  winch  in  a  boat. 

It  proved  to  be  too  cumbersome  and  has  seen  very  little  use.  It  was 
never  tried  during  high  stages  of  river  flood  because  of  the  danger 
involved  if  it  should  become  snagged  by  large  drift.  Figure  8 
illustrates  the  character  of  drift  that  occurs  with  high  wat°r,  The 
presence  of  drift  almost  rules  cut  any  portable  mechanical  device 
that  vrould  require  contact  with  the  river  bed  around  a  pier  during 
flood  stage.  Work  from  a  boat  especially  near  an  obstruction  during 
high  flood  (see  also  Figures  12  and  13)  would  be  unsafe. 

Measuring  equipment  built  into  a  pier  cr  at  the  nose  of  a 
pier  such  as  that  employed  by  Laursen  and  Hubbard  (Eib«  4)  would 
meet  the  requirements  of  safety  and  would  provide  continuous  read¬ 
ings  but  is  not  portable.  It  would  prove  to  be  expensive  if  installed 
on  a  large  scale  and  coverage  would  be  limited  to  scour  readings  at 
the  boundary  of  the  pier  itself. 

In  line  with  modern  general  practices  of  depth  finding  (Bib. 6) 
the  use  of  the  sonic  sounding  priciple  appears  to  offer  the  best  solu- 


8 


I 


-o 


0 


o 


■G 


— r  o 


BBi 


0  -O' 


>  ■  -J  G  )  . 


O 


I 


t 


ticn.  Sonic  sounding  instruments  permit  several  depth  readings  ^.cr 
second,  are  of  relatively  light  weight  for  portability  and  do  not 
require  mechanical  contact  with  the  river  bed  through  swift  currents. 

Preliminary  correspondence  with  manufacturing  agencies  dis¬ 
couraged  extension  of  the  transducer  (that  part  of  the  instrument  in 
contact  with  the  water)  from  the  rest  of  the  unit  because  it  would 
unbalance  the  circuits  and  cause  attenuation  of  the  signal.  First 
investigations  therefore  centered  on  mounting  an  entire  sounding  unit 
on  a  raft,  keeping  the  operator  in  safety  on  shore  or  on  the  bridge. 
It  was  expected  that  depth  recording  could  be  accomplished  if  the 
instrument  was  self  recording  with  the  chart  on  a  time  basis  and 
the  positions  corresponding  to  the  soundings  manually  recorded  on 
a  similar  time  basis.  Waterproofing  and  shock  proofing  to  prevent 
damage  to  the  instrument  during  sounding  in  flood  posed  a  problem. 

It  was  decided  that  the  soundings  would  be  desirable  within  a  suf¬ 
ficient  radius  of  a  pier  to  permit  contours cf  a  scour  hole  to  be 
drawn.  This  was  considered  to  be  essential  in  observing  the  pro¬ 
gression  of  scour,  as  the  depressions  moved  around  with  changing 
flow  conditions.  Contours  would  also  be  invaluable  in  detecting 
shoals  passing  along  the  bed#  A  maximum  radius  of  sixty  feet  from 
the  pier  was  chosen  on  the  basis  of  a  30  foot  deep  scour  hole  at  a 
2:1  slope.  The  weight  of  a  recording  instrument,  the  lightest  being 
10  pounds,  together  with  forces  resulting  from  possible  snagging  of 
drift  indicated  a  need  for  a  substantial  support  apparatus „  This, 
together  with  the  cost  of  such  a  unit,  especially  before  the  scheme 
was  proven,  directed  further  attention  to  separating  the  instrument . 
It  was  decided  to  acquire  a  small  instrument  and  attempt  to  extend  the 
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transducer  only  from  the  instrument,  keeping  most  of  the  unit  in 
sr^ety  on  the  bridge.  An  extension  of  200  feet  was  chosen  to  permit 
measurements  from  even  high  bridges , 

NOTE:  Frequencies  beyond  the  audible  range  are  termed  super¬ 
sonic  or  ultra-sonic.  With  expanding  use  of  sonics  both  at  very  low 
and  very  high  frequencies,  the  terms  "ultra11  or  "super"  are  becoming 
of  lesser  importance.  In  this  work,  therefore,  these  terms  have 
been  generally  omitted. 
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6*  GENERAL  PRINCIPLES  OF  SONIC  SOUNDERS 


As  the  points  raised  in  Section  5  compelled  development  of 
an  apparatus  using  a  sonic  sounder,  a  digression  is  needed  here  to 
explain  the  operation  of  this  kind  of  device  and  the  standard  elec¬ 
tronic  terminology  pertaining  to  it  (Bib,  6,  7>  8)0  Figures  2,  3,  k 
and  5  illustrate  the  standard  components,  via,  transducer,  oscilla¬ 
tor,  R.  F.  amplifier,  neon  indicator  light,  power  supply  and  connect¬ 
ing  cables.  The  description  and  function  of  these  parts  are:- 
Thc  Transducer  is  a  piezoelectric  (pressure  electric) 
substance  arranged  with  electrical  connections  to  two  faces  and 
enclosed  in  a  housing.  When  an  alternating  voltage  supplied  by  an 
oscillator  is  applied  to  a  piezoelectric  substance,  it  contracts 
and  expands,  thereby  converting  electrical  energy  into  mechanical 
energy.  The  piezoelectric  material  itself  has  a  natural  resonant 
frequency  depending  on  its  special  properties  and  backing  substance 
and  it  is  important  that  the  frequency  of  the  applied  voltage  matches 
the  resonant  frequency  to  obtain  maximum  energy  output.  When  the 
transducer  is  placed  in  contact  with  the  surface  of  the  water  or  just 
into  it,  the  mechanical  pulse  produced  by  the  transducer  travels 
through  the  water  to  the  bottom  and  is  reflected  back  to  the 
transducer  where  it  is  reconverted  to  electrical  energy.  Several 
different  types  of  transducers  have  been  developed  for  depth  find¬ 
ing,  operating  over  a  wide  range  of  frequency  from  10,000  cycles 
per  second  to  the  order  of  a  million  cycles  per  second.  The  lower 
frequencies  are  used  for  deep  soundings  and  broad  coverage,  the 
higher  ones  for  shallow  depths  and  better  directional  sensitivety. 
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The  Oscillator  consists  of  coaxial  coils,  a  transistor  or 


vacuum  tube,  together  with  capacitance  and  associated  circuitry  ar¬ 
ranged  to  oscillate  at  radio  frequency,  (R*  F.  )•  Its  purpose  is  to 
supply  voltage  to  activate  the  transducer*  In  the  case  of  the 
sounder  units  used,  the  frequency  is  approximately  145,000  cycles 
per  second  for  the  vacuum  tube  model,  and  about  185,000  cycles  per 
second  for  the  transistorized  model. 

The  R,  F*  Amplifier  consists  of  three  stages  of  amplifica¬ 
tion  by  means  of  transistors  or  vacuum  tubes  and  amplifies  the  R*F. 
signal  received  from  the  transducer*  This  amplification  is  necessary 
because  the  reflected  echo  or  mechanical  energy  which  is  greatly 
attenuated  in  its  passage  to  the  stream  bed  and  back  is  reduced  pos¬ 
sibly  to  the  order  of  1  in  10,000  depending  on  the  depth  and  charac¬ 
teristics  of  the  reflective  surface*  Provision  is  therefore  neces¬ 
sary  in  the  R*  F.  amplifier  to  vary  the  amplification  or  gain  to 
the  proper  threshhold  which  will  allow  only  the  salient  echo  to 
activate  the  indicator  bulb  and  be  noted* 

The  Revolving  Neon  Indicator  Light  is  fastened  to  a  dise 
or  bar  driven  by  a  precisely  governed  electric  motor  and  passes 
immediately  behind  a  transparent  dial  graduated  in  feet*  The  elec¬ 
trical  connection  to  the  bulb  is  by  means  of  a  commutator#  Addi¬ 
tionally  the  disc  is  fitted  with  a  contact  or  magnetic  device  which 
is  employed  to  trigger  (that  is  turn  on  and  off  instantaneously) 
the  oscillator  once  for  every  revolution,  at  the  same  time  lighting 
the  neon  bulb  as  it  passes  the  zero  mark.  When  the  oscillator  is 
triggered  the  transducer  emits  a  supersonic  pulse  which  travels  to 
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the  stream  bed  and  back  at  the  speed  of  sound  in  water  which  is  very 
nearly  4,800  feet  per  second.  The  echo  of  the  emitted  pulse  strik¬ 
ing  the  transducer  in  turn  causes  the  neon  bulb  to  light  again© 
Therefore  the  speed  of  the  rotating  disc  holding  the  bulb  is  such 
that  the  length  of  time  it  takes  for  the  sound  to  travel  to  the 
bottom  and  back  is  the  same  as  that  required  for  the  bulb  to  pass 
from  the  zero  mark  to  the  graduation  corresponding  to  the  depth  of 
the  water* 

The  Power  Supply  constitutes  an  important  feature  of  weight 
and  portability.  In  its  consideration,  advantages  of  the  transis¬ 
torized  instrument  becomes  immediately  apparent.  For  the  vacuum  tube 
model  the  likely  power  supply  is  a  6  or  12  volt  auto  storage  battery, 
supplying  approximately  5  amps.  Aside  from  the  battery,  some  75%  of 
the  instrument  itself  is  taken  up  with  converting  power  to  the  R.  F. 
circuit.  This  consists  of  a  vibrator,  a  heavy  step  up  transformer 
and  a  vacuum  tube  rectifier  that  are  not  required  in  a  transistorized 
circuit.  The  power  supply  for  the  transistorized  instrument  consists 
of  6  flashlight  batteries  for  9  volts  and  one  small  9  volt  mercury 
battery.  Further  advantage  of  the  transistorized  unit  is  one  of 
safety  in  that  vacuum  tubes  require  dangerously  high  D.  C.  voltages 
in  excess  of  300  volts  and  great  care  must  therefore  be  exercised 
adjusting  and  repairing  the  instrument.  Transistors  on  the  other 
hand  require  only  small  voltages  and  minute  currents  for  the  ampli¬ 
fication,  oscillation  and  rectification. 

The  Connecting  Gables  form  a  part  of  the  circuitry.  Because 
the  transducer  must  operate  at  radio  frequencies  it  is  necessary  to 
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connect  it  by  means  of  a  coaxial  cable.  The  cable  has  inherent  capa¬ 
city  which  imposes  a  limitation  on  its  length  permissible  before  this 
capacity  interferes  with  the  oscillation. 
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7.  THE  DEVELOPMENT  OF  A  SONIC  SOUNDER  FOR  MEASUREMENT  OF  SCOUR 


Two  instruments  for  measurement  of  pier  scour  were  developed® 
The  basic  requirements  decided  for  the  instruments  were  that: 

1*  Depth  can  be  read  directly  fro®  the  bridge  or  shore* 

2*  Part  of  the  instrument  to  be  placed  in  the  water  should 
be  as  light  and  rugged  as  possible. 

3*  The  whole  instrument  be  portable. 

4*  The  power  supply  be  readily  obtainable* 

5*  The  instrument  be  immune  to  extraneous  noises  such  as 
rolling  stones  on  the  bed* 

6*  The  instrument  record  instantaneously  to  allow  measure¬ 
ments  through  ice  flows  and  debris* 

A*  Vacuum  Tube  Instrument 

The  first  instrument,  a  vacuum  tube  model  shown  in  Figure 
2,  was  selected  because  of  its  low  cost  and  recommendation  from 
others  who  were  using  that  same  type  successfully  in  small  boats* 

It  operates  on  a  frequency  of  approximately  145 >000  cycles  per  second 
(for  good  directional  sensitivity)  and  is  calibrated  to  depths  of 
80  feet*  It  delivers  30  soundings  per  second,  for  instantaneous 
soundings  0 

Directional  sensitivity  is  considered  of  great  importance 
for  scour  measurement  because  the  river  bed  is  sloping*  It  is  simply 
described  by  Caldwell,  (Bib.  6),  giving  the  formula  for  the  total 
angle  of  radiation,  oi.  ,  of  the  supersonic  pulses  from  the  transducer 

1-4 

as:  sin  z  0.61  -p  where  L  is  the  wave  length  of  the  sonic  waves 
generated  and  r  is  the  radius  of  the  transducer  plate*  Directional 
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sensitivity  is  dependent  as  well  on  how  the  transducer  is  shaped 
during  manufacture.  Barium  titanate  has  the  advantage  that  it  can 
be  cast  fired  and  polarized  to  give  a  curved  shape  thereby  obtain¬ 
ing  direct  focusing  action.  Laboratory  tests  later  described, 
showed  the  instrument  to  have  a  narrow  cone  of  emitted  pulse. 

Experiments  on  the  vacuum  tube  type  instrument  began  by  ex¬ 
tension  of  the  coaxial  cable  carrying  R.  F.  frequency  from  the  trans¬ 
ducer  by  200  feet  using  standard  microphone  connectors.  The  instru¬ 
ment  as  a  result  produced  no  signal  as  shown  by  tests  in  a  tank  of 
water.  The  cable  was  then  divided  into  two  sections,  one  of  140 
feet  and  the  other  60  feet.  The  sixty  foot  extension  did  not  seem 
to  interfere  with  the  operation,  but  with  the  140  feet  the  instru¬ 
ment  was  inoperable.  When  the  cables  were  rejoined  their  total 
length  was  reduced  to  196  feet,  and  strangely  enough,  the  instrument 
again  functioned.  It  was  tested  at  the  Ghost  River  Bridge  in  1958 
and  read  depths  (checked  with  a  weighted  tape)  up  to  72  feet  in 
still  water.  No  interference  of  depth  readings  were  given  by  the 
piers  of  the  bridge,  even  with  the  transducer  placed  immediately 
adjacent  to  them.  On  the  basis  of  this  test,  the  design  and  con¬ 
struction  of  supporting  apparatus  proceeded  as  described  in  Section  8, 

Later  tests  of  the  equipment  in  1959  at  the  Devon  Bridge 
(see  Figure  9),  were  discouraging  although  depth  soundings  were  a- 
chieved.  The  results  are  shown  in  Figures  17  and  18,  Maximum  gain 
control  was  necessary  even  for  the  shallow  depths  up  to  1/*.  feet. 
Spurious  echoes  appearing  on  the  dial  required  about  a  half  a  minute 
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to  distinguish  from  the  proper  steadily  positioned  flash  represent¬ 
ing  the  proper  depth.  The  transducer  which  was  mounted  on  a  tiny  raft 
had  to  be  withdrawn  from  the  water  frequently  to  avoid  floating  de¬ 
bris  so  it  was  obvious  that  30  seconds  was  too  long  a  delay  for 
taking  readings. 

At  this  point,  investigation  was  started  on  a  new  instrument 
to  eliminate  the  long  coaxial  cable  and  consequent  attenuation  of 
the  R*  F.  signal  that  was  thought  to  cause  the  difficulty.  While 
tho  new  unit  was  being  made,  however,  further  experimentation  on 
the  first  one  were  successful  in  reducing  the  spurious  echoes  con¬ 
siderably  when  the  microphone  type  connectors  were  replaced  by 
more  positive  types  with  polystyrene  insulators.  Later  on,  as  a 
matter  of  trial,  the  transducer  of  the  second  instrument  was  tried 
on  the  first  one  and  its  reaction  to  the  R0  F.  pulses  at  30  per 
second  were  clearly  audible.  A  further  resoldering  of  connections 
and  cable  shortening  to  a  final  189.5  feet  further  increased  its 
sensitivity.  The  instrument  was  tested  in  the  laboratory  through¬ 
out  development  and  finally  at  the  Drayton  Valley  Bridge  (see  Figure 
18).  It  proved  to  be  satisfactory  under  flow  conditions  with  water 
velocity  of  8  feet  per  second  and  depths  up  to  13  feet  with  low 
sensitivity  control. 

B,  Transistorized  Instrument 

The  second  sounding  instrument,  shown  in  Figure  3>  places 
the  R.  F.  circuitry  in  an  aluminum  cylinder  two  inches  in  diameter 
and  six  inches  long.  The  cable  from  the  cylinder  to  the  transducer 
was  not  altered  from  the  15  feet  originally  supplied  and  attenuation 
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of  the  R.  F.  signal  was  thereby  kept  to  a  minimum.  Both  the  R.  F. 
circuit  and  transducer  are  suspended  from  the  boom  support  and  con¬ 
nected  to  the  control  unit  and  indicator  dial  on  the  bridge  by  means 
of  200  feet  of  multi-conductor  cable  carrying  only  low  voltage  D.C. 
and  pulses.  The  author  had  expert  advice  and  assistance  in  the  con¬ 
struction  of  this  instrument  and  a  description  of  the  circuitry  beyond 
that  shown  in  Figures  4  and  5  is  necessarily  omitted. 

This  instrument  was  tested  in  the  laboratory  and  in  the  field 
throughout  its  development  and  needless  to  say  it  wa3  not  straight 
forward.  As  a  point  of  interest,  when  tested  in  an  8  foot  long  tank 
some  effort  was  wasted  when  it  failed  to  produce  a  signal.  The  experi¬ 
ment  was  unfortunate  in  that  this  occurred  only  at  a  certain  depth 
which  was  not  realized  until  later.  The  explanation  seems  to  be  that 
a  standing  wave  was  produced  3ince  the  condition  could  again  be  dup¬ 
licated  at  will. 

Field  testing  at  the  Fort  Assiniboine  Bridge  (Figures  6,  7> 

8)  lead  to  a  break-down  when  a  transistor  short  circuited  due  to 
overwork  while  measuring  scour  in  a  very  turbulent  region  next  to  a 
pier.  The  neon  bulb  was  fired  almost  continually  in  its  revolutions, 
a  condition  which  required  electric  current  in  excess  of  what  the 
transistor  was  designed  for.  The  expected  cause  of  the  many  echoes 
is  described  in  Section  11,  page  34*  A  larger  transistor  was  installed 
in  the  unit  together  with  a  heat  sink,  which  is  simply  extraneous 
metal  to  conduct  away  heat  produced  by  the  transistor.  Later  results 
in  the  laboratory  showed  the  instrument  to  be  operating  satisfactorily 
as  it  had  when  on  loan  during  a  previous  occasion. 


13 


0 


:r  u 


> 


. 


The  advantage  of  the  transistorized  instrument  over  the 
vacuum  tube  unit  is  in  weight  and  ruggedness  for  handling.  The 
weight  of  the  transistor  instrument  including  batteries  is  9  pounds. 
The  weight  of  the  other  unit  is  18  pounds,  and  with  a  substantial  bat¬ 
tery,  likely  an  auto  storage  battery  weighing  some  45  pounds,  its 
total  weight  is  in  the  order  of  60  pounds.  It  is  estimated  that  the 
transistor  instrument  will  operate  for  100  hours  before  a  change  in 
batteries  is  necessary;  however  the  vacuum  tube  model  drawing  5  amps 
would  require  a  re-charging  of  the  battery  regularly  with  use. 

Although  the  vacuum  tube  instrument  finally  proved  successful  it  is 
not  known  if  it  can  be  readily  duplicated.  Experiments  are  continuing 
on  both  units  but  it  is  expected  that  the  transistorized  unit  can 
most  easily  be  adjusted  and  reproduced  since  the  placing  of  the  R.F, 
unit  near  the  transducer  eliminates  interference  of  the  R.F,  signal 
in  a  long  coaxial  cable, 

C.  Float  for  Transducer 

Considerable  attention  was  given  the  method  of  placing  the 
transducer  in  the  water.  At  first  the  transducer  was  mounted  on  a 
small  boat-like  raft  (used  at  Devon  Bridge  Figure  9)  the  idea  being 
to  lower  it  into  the  river  from  the  boom  and  let  if  drift  down¬ 
stream,  taking  readings  at  points  on  the  way.  This  proved  unsatis¬ 
factory  because  it  could  not  be  pulled  from  the  water  fast  enough 
to  avoid  fouling  the  floating  debris,  and  also  in  fast  currents  it 
would  skip  along  the  water  surface.  A  better  float  proved  to  be  a 
simple  plastic  foam  disc  fastened  to  the  transducer  as  shown  in 
Fugures  2  and  3.  The  transducer  is  lowered  into  the  water  after 
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a  swinging  motion  forward  and  as  it  passes  vertically  beneath  its 
suspension  point  on  the  boom  the  depth  is  noted,  and  immediately 
the  transducer  is  withdrawn.  This  procedure  eliminates  movement 
of  the  transducer  relative  to  the  water  and  consequent  interference 
by  local  turbulence,,  An  improved  float  not  yet  tried  i3  one  20 
inches  in  diameter  in  the  form  of  a  ring.  It  would  not  offer  much 
more  resistance  to  wind  in  its  swinging  motion  and  would  stabilize 
the  transducer  to  vertical  position  more  quickly  on  contact  with 
the  water. 
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8.  DEVELOPMENT  OF  SUSPENSION  EQUIPMENT  FOR  SONIC  SOUNDER 


Having  in  mind  the  requirements  mentioned  in  Section  2, 
development  of  the  apparatus  for  placing  the  3onic  sounder  in  the 
water  at  a  pier,  at  specific  points,  advanced  with  the  development 
of  the  instrument,  but  its  construction  awaited  reasonable  confirma¬ 
tion  that  the  instrument  was  likely  to  succeed. 

The  basic  requirements  for  the  support  apparatus  were  con¬ 
sidered  to  be: 

1.  To  provide  for  sounding  measurements  within  a  sixty  foot 
radius  of  a  pier. 

2.  To  be  readily  portable  and  quick  to  set  up. 

3.  To  be  economical  both  in  first  cost  and  operation. 

A  boom  as  on  a  crane  came  first  to  mind  in  considering 
the  weight  of  a  whole  instrument  on  a  raft,  plus  the  weight  of  a 
fair  sized  piece  of  snagged  drift  wood.  This  ruled  out  almost  at 
once  a  boom  handled  manually,  and  immediately  posed  the  problem  of 
having  a  vehicle  on  the  bridge  while  measurements  are  in  progress, 
a  feature  contrary  to  the  interest  of  traffic  safety.  Thus  the  need 
for  a  lighter  support  was  a  main  factor  in  securing  a  lighter  sound¬ 
ing  instrument  to  suspend  only  the  transducer.  Two  types  of  sup¬ 
port  for  the  sounder  were  made;  the  first  a  single  tubular  canti¬ 
lever  design,  and  the  second  a  truss  design,  A  description  of  both 
is  presented. 

A.  Development  of  Cantilever-Type  Boom 

A  giant  fishing  pole  type  of  boom  suggested  itself  as  the 
instrument  developed  and  was  the  basis  of  the  first  support  constructed 
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as  shown  in  Figure  9.  Its  description  follows: 

The  boom  consists  of  four  15  foot  sections  of  aluminum  thin- 
walled  (0,05  inch)  tubing  from  6  inch  diameter  to  4  inch  diametero 
The  sections  are  fastened  together  through  plates  butt-welded  to  the 
ends  of  each  section.  The  near  plate  of  a  section  hooks  over  the  far 
plate  of  a  previous  section  so  that  the  boom  can  be  assembled  one 

section  at  a  time  with  one  motion.  The  sections  weigh  26,24,  19  and 

14  pounds  respectively,  for  a  total  of  83  pounds. 

The  boom  pivots  horizontally  180°  and  also  vertically  from 
the  bottom  of  a  support  frame  clamped  to  the  bridge  in  a  manner 
similar  to  that  shown  by  Figure  14,  readily  adaptable  to  any  substan¬ 
tial  handrail  or  to  any  bridge  truss  member.  The  support  frame  is 
made  up  of  5  inch  and  3  inch  tubing  and  weighs  24  pounds.  It  is  fitted 

with  a  winch  for  the  purpose  of  raising  and  lowering  the  boom  by  means 

of  a  cable  fastened  to  its  quarter  point.  Horizontal  movement  of  the 
boom  is  controlled  by  means  of  lateral  ropes  from  the  bridge  and  its 
position  is  indicated  by  a  degree  marker  fastened  at  the  lower  pivot 
point#  A  feature  of  design  worthy  of  mention  projects  the  upper  pivot 
point  of  the  cable  supporting  the  boom  beyond  the  lower  pivot  point 
by  12  inches.  This  causes  a  moment  equal  to  the  horizontal  component 
in  the  cable  to  be  applied  to  the  boom  making  it  self-centering  to  a 
position  normal  to  the  bridge.  The  transducer  is  suspended  by  its 
cable  carried  by  removable  aluminum  pulleys  fastened  to  hooks  along 
the  boom.  The  entire  unit  is  designed  for  transport  on  a  car  top 
carrier  in  a  manner  similar  to  that  shown  in  Figures  10  and  11. 
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The  first  boom  of  the  cantilever  design  was  not  entirely 
satisfactory  because  excessive  deflection  and  oscillation  made  it 
difficult  to  control  the  transducer  in  the  water.  The  deflection 
was  due  in  part  to  the  fact  that  aluminum  loses  its  original  struc¬ 
tural  properties  with  ordinary  welding,  causing  excessive  deforma¬ 
tion  at  the  joining  plates.  Additional  truss  wires  were  necessary 
to  stiffen  the  boom  which  eliminated  original  advantages.  Also, 
horizontal  trussing  with  cables  was  essential  to  handle  transverse 
drag  stresses  from  the  transducer  snagged  in  debris.  The  light 
tubular  support  frame  was  bit  too  light  to  withstand  abuse  in 
handlir^.  Experience  of  the  first  boom  made  apparant  the  advan¬ 
tages  of  a  truss  type  design  and  a  second  boom  and  frame  were  made 
up* 

Bo  Development  of  Truss-Type  Boom 

A  truss-type  boom  was  designed  with  a  more  rugged  support 
frame*  This  unit  is  shown  in  Figures  6,  7 ,  8,  10  and  11  and  is 
described  in  Figure  14o  It  incorporates  all  the  desirable  princi¬ 
ples  discovered  from  the  first  design.  Although  of  welded  alumi¬ 
num  construction,  all  principal  joints  occur  in  either  end  compres¬ 
sion  or  in  shear  and  deformations  are  therefore  kept  to  a  minimum. 

The  unit  was  originally  designed  to  support  a  force  of  10  pounds, 
vertically  or  horizontally,  at  the  end  of  the  60  foot  boom.  Sub¬ 
stitution  of  member  sizes  to  suit  materials  available  required  al¬ 
most  a  new  design*  The  member  sizes  finally  obtainable  and  their 
stresses  are  shown  in  Figure  14,  together  with  weights  of  the  various 
components.  The  design  of  the  truss  by  the  author  is  according  to 
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simple  laws  of  3tatics  and  details  are  therefore  omitted.  The  boom, 
in  5  -  12  foot  (stock  length)  sections  weighs  a  total  of  65  pounds, 
the  support  frame  36  pounds  and  the  winch  16  pounds.  The  unit  is 
readily  fastened  and  assembled  on  a  bridge  by  two  men.  It  fulfills 
the  requirements  of  economy,  portability,  versatility,  and  is  quick 
to  set  up.  The  technique  for  its  use  is  described  in  Section  10* 
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9.  LABORATORY  AND  FIELD  TESTS 


Throughout  the  development  of  the  sounding  instruments  and 
their  support  apparatus,  laboratory  and  field  tests  were  conducted 
as  a  necessary  part  of  the  work.  The  tests  conducted  were  not  in¬ 
tended  to  be  precise,  but  were  used  only  to  determine  practical 
workability  of  the  equipment. 

A.  Laboratory  Tests  -  Sounding  Instrument 

The  apparatus  used  for  testing  in  the  hydraulics  laboratory 
at  the  University  of  Alberta  consisted  of  a  long  sump  some  150  feet 
in  length,  6  feet  wide  and  filled  with  water  5  feet  deep.  Other 
miscellaneous  tanks  and  a  large  bucket  full  of  water  2  feet  deep 
also  proved  extremely  useful.  An  oscilloscope  and  other  electrical 
measuring  devices  were  available  and  were  used  in  development  of 
the  transistorized  unit. 

Laboratory  testing  of  the  sounding  instruments  consisted 
simply  of  placing  the  transducer  vertically  and  horizontally  in  the 
water  and  observing  readings  of  its  reflected  echoes  from  objects  or 
from  the  boundaries  of  the  tank. 

Accuracy  of  depth  was  checked  against  actual  measurement 
with  a  tape  and  the  results  showed  the  instruments  to  record  accura¬ 
tely  to  1  foot  or  as  nearly  as  could  be  read  on  the  dial.  The  instru1 
ments  were  both  able  finally  to  record  depths  in  the  tank  exceeding 
their  maximum  dial  calibration.  The  zero  flash  on  each  instrument 
was  adjusted  by  one  foot.  Both  transducers  used  were  checked  for 
direction  by  reflecting  echoes  off  a  6  inch  diameter  vertical  stand 
pipe  in  the  long  sump.  The  method  was  to  point  the  transducer  at 
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the  pipe  to  obtain  a  constant  reading  and  then  redirect  it  slowly. 

It  was  found  that  the  reading  would  cease  to  show  on  the  indicator 
dial  if  the  transducer  was  directed  away  from  the  pipe  by  only  a 
few  degrees  even  at  a  distance  of  10  feet.  At  a  distance  of  30 
feet  the  transducer  could  hardly  be  held  steady  enough  to  obtain  a 
constant  reading  on  the  pipe.  It  was  likewise  found  that  no  echo 
was  recorded  when  the  transducer  was  pointed  more  than  about  5°  cff 
the  normal  to  a  smooth  face  of  the  tank.  Experiments  carried  out 
by  agitating  the  water  in  the  path  of  the  emitted  supersonic  pulse 
resulted  sometimes  in  discontinuity  of  readings  on  the  dial. 

Experiments  are  continuing  of  the  effect  on  readings  of  turbulence, 
air  entrainment,  type  and  slope  of  reflective  surfaces,  and  ex¬ 
traneous  noises, 

B,  Field  Tests  -  Sounding  Instrument 

During  the  course  of  development,  field  tests  were  conducted 
in  both  rivers  and  lakes  whenever  the  opportunity  presented  itself. 
Notably  tests  were  carried  out  at  the  Ghost  River  Eridge,  the  Devon 
Bridge,  the  Fort  Assiniboine  Bridge  and  the  Drayton  Valley  Bridge. 

The  results  of  the  test  are  shown  in  Figures  16,, 17  and  18, 

The  first  field  tests  were  conducted  in  1958  at  the  Ghost 
River  Bridge  in  relatively  still  water  and  proved  satisfactory  up  to 
a  depth  of  72'  where  the  bed  was  level  as  checked  by  means  of  a 
weighted  tape.  Because  of  the  qualitative  nature  of  the  experiment 
no  data  sheet  was  kept,  but  the  author  recalls  that  the  bed  of  the 
channel  sloped  in  one  place  an  amount  of  18  feet  vertically  to  40 
feet  horizontally.  The  test  indicated  that  with  the  transducer  floating 
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vertically  the  effect  of  the  sloping  bed  did  not  cause  appre¬ 
ciable  error  in  reading.  The  brightness  of  the  neon  flashes  on  the 
dial  however  tapered  in  a  width  of  about  4  or  5  feet  but  the  lower 
of  the  flashes  checked  most  closely  with  measurements  by  weighted 
tape.  This  test  admittedly  i3  not  conclusive  and  was  performed  only 
to  decide  the  general  feasibility  of  the  instrument. 

Field  tests  were  conducted  at  the  Devon  Bridge  in  June,  1959 
where  surface  velocity  of  the  North  Saskatchewan  River  was  approxi¬ 
mately  6  feet  per  second,  timed  by  floating  debris.  In  regions  of 
turbulence  at  the  pier  the  depths  could  not  be  determined  closely 
as  flashes  varied  almost  instantaneously  over  about  a  3  foot  width 
on  the  dial,  due  possibly  to  wobbling  of  the  raft  holding  the  trans¬ 
ducer.  The  minimum  reading  was  chosen  as  the  one  representing  the 
closest  vertical  distance  to  the  stream  bed.  The  depths  recorded 
are  shown  in  Figures  16  and  17* 

Field  tests  were  made  at  the  Fort  Assiniboine  Bridge  on 
the  Athabasca  River  in  June,  I960  using  only  the  transistorized  in¬ 
strument,  First  preliminary  trial  readings  with  the  transducer 
lowered  over  the  edge  of  the  bridge  near  mid  channel,  at  river 
velocity  approximately  8  feet  per  second,  gave  bright  definite 
flashes  on  the  dial  at  the  14  foot  depth  mark.  Within  20  feet  of 
the  adjacent  pier  No.  2  it  was  17  feet  and  just  below  the  bow  wave 
beside  the  pier  a  flash  on  the  dial  at  a  depth  22  feet  was  dominant. 

At  this  latter  point  spurious  echoes  became  quite  prevalent.  Attempts 
to  check  the  readings  by  a  weighted  measuring  tape  failed  due  to  the 
high  current  but  the  depth  at  mid  span  checked  reasonably  well  being 
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two  feet  more  than  estimated  later  from  bridge  plans.  Measurements 
at  the  north  pier  where  attack  was  severe  were  more  attractive  and 
efforts  were  directed  to  it0 

At  this  north  pier  however  the  river  surface  velocity  was 
clocked  at  12  feet  per  second.  Spurious  flashes  were  so  numerous 
that  reliable  readings  were  impractical.  The  writer  imagined  flashes 
at  the  30  to  34  foot  marks  to  be  dominant  in  several  trials.  After 
some  ten  minutes  of  continuous  readings  the  instrument  failed, 
when  a  transistor  burned  out.  Testing  of  the  trussed  boom  support 
to  discover  its  features  were  however  continued. 

In  September,  I960  depth  soundings  were  taken  at  the  Drayton 
Valley  Bridge  using  the  vacuum  tube  instrument  with  encouraging 
results.  Depth  readings  on  the  dial  were  sharp  and  definite.  No 
scour  existed  so  the  results  are  of  little  quantitative  value,  but 
they  illustrate  the  workability  of  the  method. 

C.  Testing  of  Support  Apparatus  for  Sounding  Instrument 

Testing  of  the  supporting  apparatus,  consisting  of  anchor 
and  boom,  needs  little  comment.  The  two  designs  were  tested  first 
clamped  to  a  pole  in  the  author’s  back  yard  and  then  on  the  bridges 
already  mentioned.  Load  tests  on  the  first  cantilever  design  showed 
a  vertical  deflection  of  some  5  feet  with  a  10  pound  load.  With 
additional  cable  support  to  the  mid  point  and  three  quarter  point 
this  was  reduced  to  nearly  one  foot.  The  additional  guy  wires  found 
necessary  eliminated  the  advantage  of  simplicity  of  cantilever  de.. 
sign  and  it  was  thus  set  aside  in  favour  of  the  trussed  boom.  The 
latter  was  tested  with  a  vertical  load  of  22  pounds  at  the  end  of  the 
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sixty  foot  boom  giving  1  1/2  feet  of  deflection.  This  is  well  v.lthin 
practical  requirements  and  no  further  testing  for  strength  was  carried 
out  s 


29 


f  ' 


10.  TECHNIQUE  FOR  USE  OF  EQUIPMENT  DEVELOPED 


The  equipment  proved  to  be  portable  and  quick  to  set  up. 

The  procedure  for  taking  scour  measurements  at  bridges  mentioned  was 
tested  with  the  aid  of  a  fellow  worker  and  is  described  as  follows: 

The  anchor  frame  and  boom  are  loaded  on  a  standard  car  top 
carrier  of  an  automobile  (See  Figure  10,  11),  the  operation  requiring 
approximately  10  minutes.  The  equipment  including  instrument  is 
transported  and  unloaded  on  the  bridge  curb  at  the  pier  where  measure 
ments  are  to  be  made  after  appropriate  traffic  warning  signs  are 
placed.  (It  would  be  almost  equally  feasible  to  carry  the  equipment 
on  to  the  bridge.)  The  automobile  is  then  removed  from  the  bridge. 

The  anchor  frame  is  held  over  the  handrail  or  truss,  while 
channels  with  bolts  and  wing  nuts  are  fastened  to  clamp  the  frame 
securily.  The  winch  cable  is  then  hooked  to  the  outward  end  of  the 
first  section  of  the  boom  with  appropriate  cable  length  and  the 
boom  is  fixed  with  a  pin  at  its  pivot  point.  This  first  section  of 
boom  is  lowered  to  a  convenient  level  and  held  parallel  to  the 
handrail  or  bridge  truss  by  means  of  a  lateral  guy  rope.  The  second 
section  of  boom  is  engaged  at  the  top  chord  in  a  slightly  raised  posi 
tion  and  allowed  to  fold  down  so  that  the  matching  transverse  chan¬ 
nels  on  the  bottom  chord  butt  one  into  the  other.  The  boom  with  the 
two  sections  is  lowered  again  to  convenient  level  and  a  third, 
fourth  and  fifth  sections  added  in  a  similar  manner.  Each  section 
thus  is  placed  in  a  single  motion  quite  conveniently  by  one  man. 

With  the  boom  slung,  but  held  to  the  side  the  bridge  ,  the 
five  pulleys  are  added  over  which  the  sounder  cable  suspending  the 
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transducer  and  float  is  threaded.  The  sounding  instrument  is  then 
coupled  to  the  cable  from  the  transducer,  and  the  equipment  is  set 
up  for  use.  The  whole  process  of  assembly  can  be  accomplished  quite 
easily  in  30  minutes  and  no  doubt  much  less  with  practice. 

The  technique  of  taking  soundings  simply  involves  lowering 
the  transducer  to  touch  the  water.  This  is  done  once,  causing  the 
transducer  to  swing  downstream  at  which  point  it  is  raised  by  pul¬ 
ling  on  its  cable  from  the  bridge,  allowing  it  to  swing  like  a 
pendulum  in  an  upstream  direction.  At  this  point  it  is  lowered 
and  some  slack  is  allowed  in  the  cable.  As  the  transducer  passes 
beneath  its  point  of  suspension,  its  wobbling  h  aving  stabilized  to 
vertical,  the  depth  is  read.  The  transducer  is  then  withdrawn  from 
the  water.  It  was  found  that  a  depth  sounding  as  indicated  by  a 
flash  of  the  neon  bulb  would  occur  the  moment  the  transducer 
touched  the  water.  Several  readings  at  one  point  could  be  taken 
in  short  order.  The  boom  is  then  swung  horizontally  to  another 
position  of  angle  determined  from  the  degree  marker  and  the  depth 
sounding  process  is  repeated.  If  the  first  readings  were  taken  at 
say  the  60  foot  radius,  a  second  set  of  readings  at  the  43  foot 
radius  is  accomplished  simply  by  removing  the  last  sounding  cable 
pulley.  For  measurements  under  the  bridge,  the  transducer  is  allowed 
to  drift  downstream  from  its  suspension  point  on  the  boom  mounted 
on  the  upstream  side  of  the  bridge.  Depth  readings  are  recorded  on 
a  data  sheet,  typical  of  which  is  Figure  15* 

Upon  completion  of  measurements  the  boom  can  be  disassembled 
and  remounted  at  the  downstream  side  of  the  bridge,  or  at  another 
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pier,  or  loaded  for  transport.  No  actual  time  for  measuring  the  scour 
at  a  pier  was  recorded  by  the  author  since  some  experimentation  was 
involved  in  each  case,  but  an  estimate  for  complete  coverage  of  sound¬ 
ings  at  a  pier  would  be  about  three  hours.  The  soundings  taken  at 
the  Devon  Bridge  were  by  means  of  the  raft-like  float  to  support  the 
transducer,  but  the  result  is  essentially  the  same* 
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11.  CONCLUSION 


A.  Feasibility  of  Method  Developed 

The  work  undertaken  to  devise  a  method  for  measurement 
of  actual  pier  scour  was  successful  in  the  use  of  a  sounding  instru¬ 
ment  with  support  apparatus  and  proved  to  be  feasible  during  medium 
stages  of  river  flow.  Opportunity  to  measure  pier  scour  during 
high  floods  after  latest  improvements  in  the  instruments  did  not 
arise.  Favourable  argument  can  be  given  to  indicate  the  feasi¬ 
bility  of  the  method  for  scour  measurement  under  almost  all  con¬ 
ditions. 

The  method  developed  meets  the  requirements  of  a  compre¬ 
hensive  program  of  pier  scour  measurement  under  the  headings  of 
safety,  economy,  portability,  extensive  cover,  and  continuity. 

a.  Safety 

The  technique  of  loading,  operating  and  unloading  the  equip¬ 
ment  at  the  bridge  and  its  manual  operation  minimizes  any  conflict 
with  traffic,  thereby  permitting  depth  measurements  to  be  taken 
continuously  at  any  time  of  the  day  or  night 0  The  operators ^as  well 
as  the  delicate  parts  of  the  instrument,  are  kept  on  the  bridge  in 
safety  from  flood  waters. 

b.  Economy 

The  sixty  foot  boom  and  support  apparatus  can  be  made  for 
approximately  300  dollars  and  the  sounding  instrument  would  cost  a 
like  amount.  Only  two  operators  and  an  automobile  are  required  to 
take  scour  measurements.  The  time  required  to  set  up  and  take  one 
hundred  depth  measurements  at  one  pier  is  estimated  at  three  hours. 
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c.  Portability 

The  technique  for  taking  scour  measurements  proved  the 
equipment  to  be  highly  portable  and  quick  to  set  up,  operate,  dis¬ 
mantle  and  transport.  The  heaviest  unit,  the  anchor  frame,  weighs 
36  pounds. 

d.  Extensive  Coverage 

The  equipment  permits  depth  readings  at  any  point  within 
a  60  foot  radius  of  a  pier  and  consequent  plotting  of  contours  of  the 
stream  bed.  This  feature  is  valuable  in  assessing  any  errors  or 
omissions  in  depth  soundings  or  in  their  reading.  It  also  provides 
a  means  for  assessing  the  progression,  behavior  and  movement  of  the 
scour  depressions  as  the  angle  of  attack  or  collection  of  debris  on 
a  pier  changes  during  any  given  flood. 

e.  Continuity 

Depth  soundings  at  a  pier  may  be  desirable  over  a  period  of 
time,  or  at  intervals,  to  detect  changing  intensity  of  scour  depths 
as  shoals  move  along  the  bed.  The  method  devised  permits  not  only 
continuous  depth  soundings  at  one  pier,  but  depending  on  frequency 
of  measurements  desired,  soundings  at  other  piers,  or  at  several 
different  bridges  with  one  set  of  equipment. 

f o  Measurements  at  High  Flood  Stage 

An  appraisal  of  the  difficulties  experienced  in  the  one 
attempt  to  measure  scour  depths  at  the  Fort  Assiniboine  Bridge,  where 
flow  conditions  could  be  described  as  high  flood,  indicates  that  the 
method  of  measurement  can  be  made  workable.  The  preliminary  testing 
of  three  depths  at  Pier  2  up  to  22  feet  indicated  workability  of  the 
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instrument  under  conditions  there.  Tests  at  the  north  pier  were 
singularly  unfortunate  in  that  large  vortexes  formed  immediately 
upstream  due  to  the  confluence  of  the  Freeman  River  almost  at  right 
angles  to  the  main  river  current.  These  vortexes  resulted  in  the 
entrainment  of  considerable  amounts  of  air  as  evidenced  on  the  sur¬ 
face  in  the  region  of  the  pier.  The  air  bubbles  it  is  believed, 
were  the  cause  of  interference  of  the  readings.  The  many  spurious 
echoes  may  also  have  resulted  from  stones  rolling  on  the  bed.  Al¬ 
though  coliding  stones  are  not  expected  to  produce  vibrations  of  the 
frequency  necessary  to  activate  the  transducer,  it  is  possible  that 
they  did.  Such  extraneous  noises  could  likely  be  reduced  by  using 
an  instrument  employing  different  or  higher  oscillating  frequencies. 

The  extra  abundance  of  sudden,  fairly  heavy  flashes  between  the  34 
foot  and  20  foot  marks  on  the  dial  could  be  explained  as  the  result 
of  echoes  from  stones  that  were  whipped  into  suspension  or 
bounced  along  the  bed.  The  30  to  34  foot  reading  observed  to  be 
more  constant  could  well  have  indicated  the  stream  bed.  Its  varia¬ 
tion  of  4  feet  might  result  from  either  an  extremely  active  bed, 
from  wobbling  of  the  transducer,  or  the  slope  of  the  sides  of  a  scoured 
depression.  The  failure  of  the  instrument  due  to  overwork  of  a 
transistor  in  excessive  firing  of  the  neon  bulb,  was  an  unfortunate 
occurrence  before  other  adjacent  depth  measurements  at  less  turbulent 
points  were  taken  to  establish  contour  of  the  bed, 

B,  Features  of  Measuring  Instruments 

Measurement  of  pier  scour  by  means  of  an  ultrasonic  sounding 
instrument  was  proved  to  be  feasible.  For  best  directional  sensitivity 
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and  freedom  from  extraneous  noises,  as  a  high  a  frequency  as  possible 
should  be  utilized,  comensurate  with  attaining  sufficient  power  output 
to  attain  the  depth  required.  A  range  to  one  hundred  feet  of  depth 
would  be  adequate  for  most  scour  measurements.  The  extension  of  the 
transducer  only  from  the  instrument  is  feasible,  but  other  arrange¬ 
ments  may  prove  superior, 

C.  Support  for  Sounding  Instrument 

The  truss-type  boom  appears  to  be  the  most  feasible  since 
it  provides  a  strong  bottom  chord  for  compression  and  lateral  strength 
and  a  light  top  chord  in  tension.  Welded  joints  in  aluminum  that  are 
under  major  stress  should  be  restricted  to  points  of  shear  stress  or 
compressive  stress. 

D.  Extension  of  Uses  of  the  Method 

The  most  difficult  conditions  for  measurement  of  scour  occur 
at  obstructions  such  as  bridge  piers  when  under  attack  at  high  flood. 
Irregular  turbulence  and  drift  enhance  the  danger  of  collision  with 
the  obstruction.  The  method  of  measurement  of  river  depths  presented 
could  be  extended  with  less  difficulty  to  measure  scour  depths 
along  guide  banks,  protection  walls,  or  around  the  nose  of  spurs0 
Actual  scour  measurements  at  such  locations  when  related  to  regime 
equations  of  self  adjustment  would  help  facilitate  understanding  of 
pier  scour  as  well.  If  the  method  developed  were  used  for  such  scour 
measurements  it  may  be  desirable  to  employ  a  boom  longer  than  sixty 
feet.  Such  a  boom  could  still  be  kept  portable  by  linrLtting  the 
length  of  each  individual  section.  A  light  pick  up  truck  with  a 
suitable  post  and  possibly  stiff  legs  could  serve  in  lieu  of  the 
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framing  of  a  bridge  for  anchoring  the  support  frame  of  the  boom. 

In  conclusion  it  is  hoped  that  others,  interested  in  the 
measurement  of  scour,  may  find  the  work  undertaken  by  the  author 
useful  in  launching  programs  of  scour  measurements  on  a  broad  scale. 
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(Fig.  96  from  A  R.T  19*43  of  I.W.  E,  St r.) 


(Reproduced  from  fig.  H-l,  page  323  Research  publication 
No.  13.  "The  Behaviour  and  Control  of  Rivers  and  Canals 
(with  the  aid  of  models).”  Part  II,  by  Sir  Claude  Inglis; 
Central  Waterpower  Irrigation  &  Navigation  Research  Station, 
Poona) 


Figure  No.  1 

SCOUR  DEPTH  -  DISCHARGE  RELATIONSHIP 
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FIGURE  2  -  Photograph  showing  sonic  sounder  of 
vacuum  tube  principle. 

Left  to  right:  battery,  circuitry  with 
indicator  dial,  transducer  with  float 
and  coaxial  cable  reel0 


FIGURE  3  -  Transistorized  Sonic  Sounder  (by  T.E.  Adams) 
From  left  to  right: 

lo  Control  unit  containing  batteries,  gain 
control,  triggering  device,  pulse 
amplifier  and  indicator  dial. 

2.  200  feet  multi-conductor  cable. 

3.  R.  F.  unit  in  aluminum  cylinder. 

4.  Transducer  with  float. 
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Figure  *  5 

Sche  mqt  ic  Diagram  Showing  Convers  ion 
op  Eke  irical  pulse  ppom  Tr-aiu  ducar 


4  o  Fire  k|  eon  E>  u  |  b 


FIGURE  6  -  Anchor  Frame  and  boom  with  R.  F.  unit  and 
Transducer  suspended.  (Athabasca  River  at 
Fort  As siniboine . ) 


FIGURE  7  - 

Boom  support  with  Transducer  sus¬ 
pended  at  angle  of  30°  from  bridge. 
NOTE  drift  wood  against  far  pier. 
(Athabasca  River) 
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FIGURE  8  -  Character  of  drift  during  high-water. 
Transducer  raised  to  clear. 

(Athabasca  River) 


FIGURE  9  -  Sonic  Sounder  Boom  Support.  Single  chord 
design.  (At  Devon  Bridge) 
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FIGURE  10,  11  -  Showing  portability  of  Sounding  Equipment# 
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FIGURES  12,  13 


Ice  Flow  at  Highwater 


(Pembina  River) 
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FIGURL  15:  Illustrating  Typical  uata  iheet  for  decorcting  pcour  septh 
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FIGURE  17:  heasur^nents  cf  UepU  at  uevon  Eridge 

Illustrating  Use  of  -x>nic  founder  frora  Bridge. 
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APPENDIX  I 


REGIME  EQUATIONS  (^Bib.  1 ) 

Basic  Regime  Equations: 


V2  /  gdS  =  3.63  (Vb  /  (1+aC) 

which  converted  to  practical  design  equations  become: 


b  r  VFb  Q  /  Fs 


P  5/6  p  1/12 


K  Q1/6  (  1  ta  C  ) 


where  K  -  3*63  g  /  2000  for  Canadian  climate 

and  a  —  1  /  233  for  natural  bed  materials 
Equations  for  pier  scour: 


ds  =  2.0  q2/y F^1/3 

ds  /dfo^1*8  (h/O*.)4 


(adopted  by  Blench  from  Inglis) 
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APPENDIX  II 


NOMENCLATURE 
a  a  constant 

b  breadth  of  channel  in  feet  or  projected  breadth  of  pier  in  feet 
c  bed  load  charge,  parts  per  hundred  thousand 

d  depth  of  channel  in  feet 

d.  "zero  flood  depth”  in  feet 

IO 

dg  depth  of  scour  in  feet  measured  from  water  surface 

Dm  mean  weighted  diameter  in  M.M,  of  bed  particles 

fd  Lacey  silt  factor 

F  bed  factor 

b 

”zero  bed  factor”  (the  F^  at  the  point  bed  load  charge  ceases) 

F  side  factor 

s 

g  acceleration  due  to  gravity 

K  nearly  a  constant  for  a  given  region 
q  discharge  intensity  in  cusecs  per  foot  of  width 
Q  total  rate  of  discharge  in  cusecs 
S  channel  slope  in  feet  per  foot 

V  mean  velocity  at  a  section 

V  kinematic  viscosity 
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